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NOTICE
The invention disclosed in this document resulted from
research in aeronautical and space activities performed under
programs of the National Aeronautics and Space Administration.
The invention is owned by NASA and is, therefore, available for
licensing in accordance with the NASA Patent Licensing

Regulation (14 Code of Federal Regulations 1245.2).

To encourage,commercial utilization of NASA-owned inventions,
it is NASA policy to grant licenses to commercial concerns.
Although NASA-encourages nonexclusive licensing to promote
competition and achieve the widest possible utilization, NASA
will consider the granting of a limited exclusive license,
pursuant to the NASA Patent Licensing Regulations, when such a
license will provide the necessary incentive to the licensee to

achieve early practical application of the invention.

Address inquiries and all applications for license for this

invention to NASA Patent Counsel, Marshall Space Flight Center,
Mail Code CCOl, Huntsville, AL 35812. Approved NASA forms for
application for nonexclusive or exclusive license are available

from the above address.
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NASA Case No. MFS-29291-1 PATENT

OPTICALLY CONTROLLED WELDING SYSTEM

Technical Abstract

This invention relates generally to robotically controlled
welding torches, and more particularly to an optically controlled
welding system wherein a partially reflective beam splitter 56 |is
used to reflect a through-the-torch view of the welding operation
to an image processor 68 that controls the positioning of a
welding electrode 30 over a seam 20 to be welded while a laser
beam 60 of a weld pool contour monitor 14 is directed through beam
splitter 56 onto the weld pool and reflected back to pool monitor
14, which controls weld penetration of workplece 92.

A welding torch 10 is constructed having a through-the-torch
monitoring system coaxial with welding electrode 30. This system
includes a partially reflective, partially transmissive beam
splitter 56 that is selected to reflect light below a selected
wavelength and transmit or pass light above the selected
wavelength. Beam splitter 56 1is angularly positioned in an
enclosure 48 to direct a reflected view having the lower
wavelength of the welding operation to a CCD camera 16 coupled to
an image processor 68. Image processor 68 is in turn coupled to a
robotic controller that controls the positioning of electrode 30
over seam 20 to be welded responsive to the view taken by camera
16.

A laser beam 60 of a wavelength passed by beam splitter 56 is
directed from weld pool contour monitor 14 to the weld pool where
it is reflected back to a laser beam position detector 62. The
laser beam is reflected by the weld pool to a characteristic
position on detector 62, depending if the weld 1is penetrated or
unpenetrated. The information from detector 62 is applied to a
robotic controller which, among other functions, controls welding
current and rate of travel of electrode 30 over seam 20 responsive
to detector 62.

The novelty of this invention particularly lies in wusing a
beam splitter angularly positioned to receive a through-the-torch
view of a welding operation and direct a low wavelength view to
one component of a robotic welder and to use a weld pool contour
monitor in conjunction with the beam splitter to generate a
control signal for a second component of a robotic welder.

Inventor: Stephen S. Gordon
Employer: Rockwell International
Serial Number: 250,196

Date Filed: September 28, 1988
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OUTICALLY COn1iiOLLED WELDING SYSTEM

Origin of the Invention

The invention described herein was made in the
performance of work under a NASA contract and is
subject to the préviaions of Section 205 of the
National Aeronautics and Spasce Act of 1958, Public Naw

85 -568 (72 Stat., 435; 42 U.S.C, 2457).

Technical Field

This Jdnvention relatcs gencrally to welding
torches and move particnlarly to a gas tungsten arc
et ing {(GTAW) toye hoving an opening extending
(M eetvlhicough, with o a welding electrode coaxially
wonnted in this opening. A ooptical heam splitter is
positioned over this opening and provides a pair of
vicws af the welding oper-ration, which in turn are
coupled to a seam tvacking device and a weld pool
contour detecting doevice, These devices provide
inputs Lo a rohatic welding pp. catus which directs

AT
v

[

werlding torch,

Background of the Invention

s the process of arc welding is perhaps one of
the most widely used manufacturing pracesses in the
world, great efforts have been made in the last few
years to automate the process by using optically
controlled robotic welders. This is especially
advantageous from the standpoint of increased
productivity and the ability to make uniform, high-
gquality welds.

In order to automatically control the welding
process, it is necessary to measure and determine
certain parameters of the weld pool as well as
determining where the weld seam is so as to guide the

welding torch thereover. In the past, only the welder
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has been able to view the arc length and the weld pool
contour and to adjust the torch accordingly to achieve
optimum penetration of the weld. Additionally, the
welder is in a position to readily track the sometimes
irrcgular weld picparations or joints,

Farly attomptsrhave been made to automatically
track weld preparation areas by use of sensors which
look ahead of the welding torch., Such sensors attempt
to discern whaere the weld preparation area or joint is
and adjust the movement of the welding torch so as to
coincide therewith, Such methods have utilized both
divect contacting type sersors, which are dragged
throngh the weld preparation area ahead of the welding
torch, ond by indivect weasuroment toohnigues, suoh as
ihe use of infraved detectiors.

In recent years, video eguipment has been used to
attempt to wmonitor the welding operation. These
moethods entail positioning a television camera to
obliquely view a welding operation, which yields a
vicw similar to what a welder wonld sce. Such a view
of the welding process has the inherent problem of
viewing a very bright welding arc, which tends to
"wash out" the view unless appropriate filters Aare
utilized. These filters limit the view of the camera
to one or several wavelengths of light rather than the
broad spectrum available from the arc. Problems of
obliquely viewing the welding operation with a video
camera are that unforeseen obstructions to the camera
in real welding situations arise. Such obstructions
can be caused by the welding preparation geometry and
by constraints on the placement of the camera. Also,
parallax distortions of the image of the weld puddle
are caused by the oblique viewing position. These
problems are in addition to the over-exposure problems
caused by direct arc viewing as described above.

As is known, a relationship exists between the
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actual contour of the wolten pool and the penetration
being achieved by the welding process. Thus, it is
desirable to be able to directly measure and control
the weld pool contour. Precise control of the weld
puddle contour produces a correspondingly precise
control of penetrat{on being achieved by the welding
process., Prior methods of analysis of video data from
the arc and weld pool area have made the assumption
that the bright areas represent reflections from the
weld pool, and that once the 1light intensity has
decreased to a certain value, then the edge of the
weld pool has been approached. Snch methods «sploy a
binary go/no go logic system to establish ithe weld
pool width, Unfortwnately, oscillations aof the size
snd contour of the weld pool exist due to fluctu.tions
in arc voltage, addition of filler wire, and forward
motion of the electrode along the weld preparation
area, a1ch oscillations cavse the area of brightness
to vary considershly. Attewmpts to mitigate this evvor
are oiumply corrections of the data vather than actual
measurement and evaluation of the true weld pool
contour.,

Perhaps the biggest problem involved with
providing reliable control of the welding process is
seam tracking. Sensors which measure the precise
location of the welding seam have been used with
limited success. Unfortunately, in order to avoid
damage to the sensor and also to keep the sensor from
being obscured by the arc area and the molten metal,
it has been necessary to sense the seam some distance
ahead of the welding torch. This immediately produces
the requirement of having some delay in system
response so that the system response to seam tracking
occurs at the time when the welding head is over the
area of change.

Seam tracking devices have been of two types.
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First are those that use the arc itself as the sensor.
Sensors of this type sense voltage and current
variations of the arc when the various surface
features of the base meta] are encountered. One such
method oscillates the arc back and forth across the
sceam while measuriné voltage changes as the arc gets
longer as it approaches the weld preparation. Various
schemes have been proposed to allow for this
oscillation. Both magnetic and mechanical motion
devices have been utilized previously. The second
method is the direct arc viewing method for seam
tracking at the point of welding. Iere, the methods
identify the edges of the weld preparation or weld
groove [rom snalyses of light from the arc reflected
off the edges from the grooves or side walls of the
weld preparation area. A feedback system is then
provided to respond to the reflected light to produce
the desired effect of following the seam to be welded,
As mentioned, the problems of tracking the weld =eam
or weld preparation arca by vicwing the area shead of
the weld regquire that any information thus received bhe
delayed before it is implemented so that the welding
torch is indeed over the area detected, or the change
detected, at the time the change instruction or signal
is initiated., Also, any process control data, whether
it be used for seam tracking or for viewing welding
parameters in the area of the arc in the molten pool,
are subject to error due to parallax from the obligue
view of the camera positions known in prior art and
the undesirable masking of the far side of the weld
pool by the arc itself,.

Attempts to overcome the problem of positioning a
camera to obliguely view a welding operation have
resulted in an apparatus disclosed in Patent No.
4,532,408 (Richardson). This patent discloses a
welding torch having a through the torch viewing
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system which proviidnes a view o{ the welding operation
which is coaxial with the welding electrode. This
allows the electirude to block the intensely bright
light from the welding arc. This view may be coupled
to avideo picture analyzer, which may then bhe used to
control a robotic welder. Alternately, this viecw may
be coupled to a monitor, which in turn is observed by
an operator who can control the welding operation from
a remote locatian,

Problems with this method are that only one view
is provided to control the welding operation. In
order to adequately control a welding operation by use
of optically « mtrolled robotics, it is believed that
at least two view . of the welding operation are
needed, One view would be coupled to a scam tracking
analyzer to track the welding electrode along the weld
preparation area, while the second view woculd bhe
utilized by weld pool monitoring ecguipment, which
monitors parawmeters of the yeld pool and determines
penctration of the weld,

Accordingly, it is an object of this invention to
provide a welding torch equipped with a beam splitter
which provides a reflected vicw and a transmitted view
of the welding operation. These views are coaxial
with the .'elding electrode, and in conjunction with a
cooled electrode holder which consists of a single
spoke or arm, provides views of the welding operation
which are relatively unobstructed. Further, the beam
splitter may be fitted with filters which block
certain wavelengths of light. Still further, the beam
splitter may be selected to reflect certain
wavelengths while passing other wavelengths. This is
a consideration when lasers are used to detect
parameters of the weld pool.

ORIGINAL PASE 3
OF PCOR (0L
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Summary of the Tavention
In accordance with this invention, a robhotic
welding system is optically contrelled by using a

welding torch which provides a pair of through-the-

torch views of the welding operation, One of these
views is conpled to a weld pool contour detector,

while the .:ther view is coupled to a seam tracking
detector. The weld pool contour detector and seam
tracking detector are electrically coupled to a
robotic welding apparatus, which guides the welding

torch responsive to the views provided thereby.

Rricf Description of the Drauings

Fig., 1 is a partially pictorial, pactially
diagrammatic view of the present invention.

Fig. 2 is a sectional view taken along lines 2-2
of Fig. 1.

Fig. 3 is a sectional view taken along lines 3-3
of Fig. 2.

FPigs. 4 and 5 are diagrammatic views illustrating
the principle of operation of a particular type of
weld pool contour detector.

Fig. 6 is a through-the-torch view of the welding
operation obtained from a beam splitter mounted to the

w lding torch.

Description of the Preferred Embodiment

Referring to Fig. 1, a robotically controlled
welding system 10 is diagrammatically shown which uses
a welding torch assembly 12 that provides a pair of
through-the-torch views of the welding process to a
weld pool contour detector 14 and a seam tracking
camera 16. The signal outputs of detector 14 and
camera 16 are coupled to a robotic controller 15,
which in turn provides inputs to a robotic manipulator
18 which holds and maneuvers torch assembly 12 over a
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seam 20 to be welded.

Referring to Fig. 2, torch assembly 12 consists
of a body 22 having a central opening 24 extending
therethrough, with an electrode holder 26 being
disposed therein. Electrode holder 26 (Figs. 3 and 6)
is configured as a éing]e spoke or arm 28 ind serves
to longitudinally support a welding electrode 30 in
opening 24. For cooling electrode holder 26, bores 32
are constructed therein, with the bores approaching to
within approximately 0.050" from electrode 30. A
source 34 of coolant is coupled to one of hores 32 in

torch hody 22, with the other of hores 32 being

coupled as a coolant return. This allows tovch 12 to
Le opairated continnously at high curivont densities
(approximately 200 amps) without overheating. A gas

cup 36 is mounted over opening 24 of side 38 of body
22, with welding electrode 30 extending therethrough
in welding relation to raam 20, A source 40 of shield
gas is coupled via channel 42 in body 22 to oponing 24
to provide shield gas to the welding procoss via gas
cup 236, A weld wire feed guide 44 (Fig. 1) is mounted
to hody 22 adjacent cup 36 and serves to guide welding
wire to weld pool 46,

For providing views of the welding process, a
heam splitter support housing 48 (Fig. 2) having a top
window 50 and a side window 52 is mounted by means not
shown over opening 24 on side 54 of torch body 22. A
beam splitter 56 is angularly housed in housing
assembly 48, with housing assembly 48 being diagonally
separable into upper housing 55 and lower housing 57
by the removal of screws 58, Screws 58 clamp beam
splitter 56 between upper and lower housings 55 and
57. Notches 61 are cut into upper and lower housings
55 and 57, with these notches together being a lesser
width than the width of beam splitter 56. This allows

a means of securing beam splitters which pass



10

15

25

30

35

different wavelongths of light for customized use of
torch 12. In a similar manner, a filter 70 (if used)
is positioned in notches 63 of side window 52 and
clamped into place'by a filter clamp plate 69 and
holts 59, In the absence of a filter being used in
side window 52, a ﬁlate of transparcent material is
clamped therein as described for a filter. This
filter or plate, in conjunction with beam splitter 56,
seals lower housing 57 against leakage of shield gas
and ensures that all shield gas is directed out of
torch 12 through gas cup 36.

The views provided by beam splitter 56 are
comnxial with welding electrade 20 (Fig. 7), which
a1laus olecirode 20 to hlock ibe brightest light rays
from the arc that otherwise may "wash out" portions of
the view. One of these views is accessible through
upper window 50 to he used by weld pool contour
detector 14, while the reflected view is passed
approximately 90° through side window 52 to scam
tracking camera 16,

Weld pool contour monitor 14 is of the type
disclosed is NASA Tech Brief MFS-29107, published
March/April 1986, page 142, and which utilizes a 632
nm (nanometer) wavelength laser beam 60 and a two-axis
laser position detector 62 (Fig. 2). In this type of
weld pool contour detector, heam 60 1is directed
through the torch onto weld pool 46 where it is
reflected to position detector 62. Depending on
whether a weld is penetrated or unpenetrated (Figs. 4
and 5, respectively), beam 60 is characteristically
reflected to a predetermined position on position
detector 62. Position detector 62 then provides
signal inputs to robotic manipulator 18 via robotic
controller 15 (Fig. 1), which adjusts the welding
current or the rate of movement of torch 12 over seam

20 responsive to these inputs.
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For detector 62 to work properly, it is neccssary
that beam splitter 56 pass laser beam 60 both to and
from weld pool 46. In order to do this and still
reflect a view of the welding process to s2am tracking
camera 16, beam splitter 56.js selected to transmit
wavelengths througﬁ.upper window 50 which are above
550 nm, while reflecting wavelengths below 550 nm.
Thus, if hbeam 60 is selected to have a wavelength of
approximately 632 nm, beam 60 may pass unaffected
through beam splitter 56 in both directions.

Seam tracking camera 16 is a conventional camera
manufactured by Fairchild (Model No. AM 3002) which
wtilizcs a ¢CD (charge coupled device) vidoo sensing
clcment to produace a digital video signal compris.d of
pixels, with this digitized signal being
representative of the welding image. This camera
utilizes the below-550 nm wavelength view which is
56, which in turn is directnd through a lens 66 (Fig.
1) to c.mera 16. It is advantageous to use a CCD
camera in order to digitize the image prior to
processing by a digital image processor 68, [Processor
68 is manufactured by Heurikon and is commonly known
as a "Heurikon Real Time Processor." This processor
is provided with software which locates weld seam 20
and provides a digital signal representative thereof
to robotic controller 15. Robotic manipulator 18 is a
conventional unit manufactured by Cybotech known as a
Cybotech H80 and is constructed having an RC-7 robot
controller 15 (Fig. 1), a welding gas management
system (not shown), an IBM-PC user interface (not
shown), and a Hobart welding power supply 90 (Fig. 2).

In operation, torch assembly 12 is prepared for
use by selecting and mounting a beam splitter 56 in
beam splitter assembly 48. As stated, it 1is
anticipated that a beam splitter which transmits light
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above 550 nm and reflects below 550 nm is suitable for
general use when laser beam 60 is selected to have a
frequency above 550 nm. If desired, bheam splitter 56
may be selected to pass and reflect different
percentages and wavelengths of 1light exposed to
detector 62 and came;a 16. Additionally, a filter may
be fitted into side window 52, preventing or limiting
selezcted wavelengths of light from reaching camera 16.
Torch assembly 12 is then mounted to robotic
manipulator 18 and appropriate conventional couplings
made to a welding power supply 90 (Fig. 2), such as
source 34 of coolant, snd a sourcs 40 of shield gas,
A welding electrode 30 is mounted in the opening of
clectvade holder 26 ond adjusted to extend in welding
relation through gas cup 36,

CCD camera 16 functions to observe the entire
view obtained through torch 12, However, 1image
proceassor 68 is provided with software that scans only
region 21 (Fig. 6) anproximately 0.25" ahead of
alocirode 30 which includes weld seam 20, Driven by
this software, image processor 68 "looks" at pixel-by-
pixel contrast changes in video line scans of region
21, and where they change is where seam 20 ‘s expected
to be. Processor 68 then delivers an electrical
signal representative of the position of seam 20 to
robotic manipulator 18 via controller 15 which
positions electrode 30 over seam 20 to within 0.010"
tolerance. After being electronically processed,
these signals are used to control movements of robotic
manipulator 18 as welder 12 traverses seam 20.

RC-7 controller 15, provided by Cybotech, 1is
programmed to perform, among other functions,
integration functions between communications; weld
supervision, geometric operation, vision interfacing,
and sensor control. As such, it performs a "traffic

cop"” function as determined by sets of priorities
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progrsaw-d inta its cofiss. e, As such, it accopts
signals from image procescor 68 and weld contour
monitor 14 and integrates them with predetermined
priorities to adjust welding parameters such as
welding current, welding wire feed, position of
electrode 30, weldiﬁg voltage, and rate of welding,
From the foregoing, it is apparent that the
applicants have provided a welding ‘torch which
provides a pair of through-the-torch views which are
coaxial with the welding electrode. One of these
views is coupled to a weld seam tracking detector,
while the other view 7. coupled to a weld pool contour
detector. These de ectors are used to provide
guidonce dnsitructions to a robotic manipulator
gripping the welding torch and operate in a non-
interfering manner with respect to each other to

provide an autoimnated, real-time welding system.
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OFTTCATLY CONTROLLED WETLDING SYSTEM

Abstract of the Disclosure

An optically controlled welding system (10) wherein
a welding torch (12) having through-the-torch viewing
capabilities is prov}ded with an optical bocam splitter
(56) to create a transmitted view and a reflective
view of a welding operation. These views are
converted to digital signals which are then processed
and utilized by a computerized robotic welder (15) to
make the welding torch responsive thereto, Other
features includes an actively cooled electirode holder
{

26) vhich minimizes a bloclked portion of the viaw by

[}

viviva of being consiruoeted of a single spoke or arm
(23) and a weld pool contour detcctor {14) comprising

a laser beam directed onto the weld pool with the

>
P
.

tion of snecular radiation reflected thevefirom
leing characteristic of a penetrated or vnpenetrated

condition of the weld pool.
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